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TITLE OF THE INVENTION 

NOVEL CRYSTALLINE FORMS OF AN INHIBITOR OF 1 1 -BETA-HYDROX YSTEROED 
DEHYDROGENASE TYPE 1 

5 FIELD OF THE INVENTION 

The present invention relates to novel crystalline forms of an inhibitor of 1 ip~ 
hydroxysteroid dehydrogenase Type 1. More particularly, the invention relates to a novel 
crystalline anhydrate and a novel crystalline monohydrate of 3-[l-(^-chlorophenyl)-rra^-3- 
fluorocyclobutyl]-4,5-dicyclopropyl-r-4//-l,2,4-triazole, which is a potent inhibitor of the 110- 

10 hydroxysteroid dehydrogenase Type 1 (lip-HSD-1) enzyme. These novel crystalline forms of 
the lip-HSD-1 inhibitor are useful for the preparation of pharmaceutical compositions 
containing the inhibitor for the treatment and prevention of diseases and conditions for which an 
inhibitor of 1 lp-HSD-1 is indicated, in particular Type 2 diabetes, hyperglycemia, obesity, 
dyslipidemia, hypertension, and cognitive impairment. The invention further concerns 

15 pharmaceutical compositions comprising the novel crystalline polymorphic forms of the present 
invention; processes for preparing the particular anhydrate and monohydrate forms and their 
pharmaceutical compositions; and methods of treating conditions for which an inhibitor of 1 ip- 
HSD-1 is indicated comprising administering a composition of the present invention. 

20 BACKGROUND OF THE INVENTION 

Inhibition of llp-hydroxysteroid dehydrogenase Type 1 (1 lp-HSD-1), an enzyme 
that catalyzes regeneration of active 11-hydroxy glucocorticoids from inactive 11-keto 
metabolites within target tissues, represents a novel approach to the treatment of the conditions 
associated with the Metabolic Syndrome, including hypertension, obesity, dyslipidemia, and 

25 Type 2 diabetes, also known as non-insulin dependent diabetes mellitus (NIDDM). Inhibitors of 
this enzyme may also have utility to treat or prevent age-associated cognitive impairment. The 
therapeutic potential of inhibitors of lip-HSD-1 has been reviewed: B.R. Walker and J.R. 
Seckl, "lip-Hydroxy steroid dehydrogenase Type 1 as a novel therapeutic target in metabolic and 
neurodegenerative disease," Expert Opin. Ther. Targets . 7: 771-783 (2003). 

30 WO 03/104207 (published 18 December 2003), assigned to Merck & Co., 

describes a class of substituted 1,2,4-triazoles, which are potent inhibitors of the 1 lp-HSD-1 
enzyme and therefore useful for the treatment of Type 2 diabetes, hyperglycemia, obesity, 
dyslipidemia, hypertension, and cognitive impairment. Specifically disclosed in WO 03/104207 
is 3-[l-(4-chlorophenyl)-/ra/2^-3-nuorocyclobutyl]-4,5-dicyclopropyl-r-4//-l,2,4-triazole. 
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However, there is no disclosure in WO 03/104207 of the newly discovered 
crystalline monohydrate and anhydrate forms of 3-[l-(4-chlorophenylHran5-3-fluorocyclobutyl]- 
4 f 5-dicyclopropyl-r-4//-l,2,4-triazole of structural formula I below (hereinafter referred to as 
Compound I). 

5 The present invention also discloses a novel crystalline toluene solvate of 

Compound I. 

SUMMARY OF THE INVENTION 

The present invention is concerned with a novel crystalline monohydrate and 

10 crystalline anhydrate of the 1 ip-hydroxysteroid dehydrogenase Type 1 (lip~HSD-l) inhibitor 3- 
[l-(4-chlorophenyl)-rran^3-fluorocyclobutyl]-4,5-dicyclopropyl-r-4//- 1 ,2,4-triazole of structural 
formula I (Compound I). The crystalline monohydrate and the crystalline anhydrate forms of the 
present invention have advantages over the previously disclosed amorphous form of 3-[l-(4- 
chlorophenyl)-/ran5-3-fluorocyclobutyl]-4,5--dicyclopropyl-r-4//-l,2,4-triazole in the preparation 

15 of pharmaceutical compositions, such as ease of processing, handling, and dosing. In particular, 
they exhibit improved physicochernical properties, such as stability to stress, rendering them 
particularly suitable for the manufacture of various pharmaceutical dosage forms. The invention 
also concerns pharmaceutical compositions containing the novel crystalline polymorphs; 
processes for the preparation of these polymorphic forms and their pharmaceutical compositions; 

20 and methods for using them for the prevention or treatment of Type 2 diabetes, hyperglycemia, 
obesity, dyslipidemia, hypertension, and cognitive impairment. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a characteristic X-ray diffraction pattern of the crystalline anhydrate 
25 form of Compound I of the present invention. 

FIG. 2 is a fluorine-19 magic-angle spinning (MAS) nuclear magnetic resonance 
(NMR) spectrum of the crystalline anhydrate form of Compound I of the present invention. 

FIG. 3 is a carbon- 13 cross-polarization magic -angle spinning (CPMAS) nuclear 
magnetic resonance (NMR) spectrum of the crystalline anhydrate form of Compound I of the 
30 present invention. 

FIG. 4 is a typical differential scanning calorimetry (DSC) curve of the crystalline 
anhydrate form of Compound I of the present invention. 

FIG. 5 is a typical thermogravimetric analysis (TGA) curve of the crystalline 
anhydrate form of Compound I of the present invention. 



-2- 



FIG. 6 is a characteristic X-ray diffraction pattern of the crystalline monohydrate 
form of Compound I of the present invention. 

FIG. 7 is a fluorine-19 magic-angle spinning (MAS) nuclear magnetic resonance 
(NMR) spectrum of the crystalline monohydrate form of Compound I of the present invention. 

FIG. 8 is a carbon-13 cross-polarization magic-angle spinning (CPMAS) nuclear 
magnetic resonance (NMR) spectrum of the crystalline monohydrate form of Compound I of the 
present invention. 

FIG. 9 is a typical DSC curve of the crystalline monohydrate form of Compound I 
of the present invention. 

FIG. 10 is a typical TGA curve of the crystalline monohydrate form of Compound 
I of the present invention. 

FIG. 1 1 is a characteristic X-ray diffraction pattern of the crystalline toluene 
solvate of Compound I of the present invention. 

FIG. 12 is a carbon-13 cross-polarization magic-angle spinning (CPMAS) nuclear 
magnetic resonance (NMR) spectrum of the crystalline toluene solvate of Compound I of the 
present invention. 

FIG. 13 is a typical differential scanning calorimetry (DSC) curve of the 
crystalline toluene solvate of Compound I of the present invention. 

FIG. 14 is a typical thermogravi metric analysis (TGA) curve of the crystalline 
toluene solvate of Compound I of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention provides novel crystalline monohydrate and anhydrate 
polymorphic forms of 3-[l-(4-chlorophenyl)-/ra«5-3-fluorocyclobutyl]-4 T 5-dicyclopropyl-r-4f/- 
1,2,4-triazole of structural formula I (Compound I): 




A further embodiment of the present invention provides the Compound I drug 
substance that comprises the crystalline anhydrate or crystalline monohydrate form in a 
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detectable amount. By "drug substance" is meant the active pharmaceutical ingredient (API). 
The amount of crystalline anhydrate form or crystalline monphydrate form in the drug substance 
can be quantified by the use of physical methods such as X-ray powder diffraction (XRPD), 
solid-state fluorine- 19 magic-angle spinning (MAS) nuclear magnetic resonance spectroscopy, 
5 solid-state carbon-13 cross-polarization magic-angle spinning (CPMAS) nuclear magnetic 
resonance spectroscopy, solid state Fourier-transform infrared spectroscopy, and Raman 
spectroscopy. In a class of this embodiment, about 5% to about 100% by weight of the 
crystalline anhydrate or crystalline monohydrate form is present in the drug substance. In a 
second class of this embodiment, about 10% to about 100% by weight of the crystalline 

10 anhydrate or crystalline monohydrate form is present in the drug substance. In a third class of 
this embodiment, about 25% to about 100% by weight of the crystalline anhydrate or crystalline 
monohydrate form is present in the drug substance. In a fourth class of this embodiment, about 
50% to about 100% by weight of the crystalline anhydrate or crystalline monohydrate form is 
present in the drug substance. In a fifth class of this embodiment, about 75% to about 100% by 

15 weight of the crystalline anhydrate or crystalline monohydrate form is present in the drug 
substance. In a sixth class of this embodiment, substantially all of the Compound I drug 
substance is the crystalline anhydrate or crystalline monohydrate form, i.e., the Compound I drug 
substance is substantially phase pure crystalline anhydrate or crystalline monohydrate form. 

Another aspect of the present invention provides a novel crystalline toluene 

20 solvate of Compound I which has utility as an intermediate in the preparation of the crystalline 
anhydrate and crystalline monohydrate forms of the present invention. 

Another aspect of the present invention provides a method for the prevention or 
treatment of clinical conditions for which an inhibitor of lip-HSD-1 is indicated, which method 
comprises administering to a patient in need of such prevention or treatment a prophylactically or 

25 therapeutically effective amount of the crystalline anhydrate or crystalline monohydrate of 

Compound I or a pharmaceutical composition containing a prophylactically or therapeutically 
effective amount of the crystalline anhydrate or crystalline monohydrate form of Compound I. 
Such clinical conditions include Type 2 diabetes, hyperglycemia, obesity, dyslipidemia, 
hypertension, and cognitive impairment. 

30 The present invention also provides for the use of the crystalline anhydrate or 

crystalline monohydrate form of the present invention in the manufacture of a medicament for 
the prevention or treatment in a mammal of clinical conditions for which an inhibitor of 1 ip~ 
HSD-1 is indicated. In one embodiment the clinical condition is Type 2 diabetes. 
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Another aspect of the present invention provides the crystalline anhydrate or 
crystalline monohydrate form for use in the prevention or treatment in a mammal of clinical 
conditions for which an inhibitor of 1 ip-HSD-1 is indicated. In one embodiment of this aspect 
the clinical condition is Type 2 diabetes. 
5 The present invention also provides pharmaceutical compositions comprising the 

crystalline anhydrate or crystalline monohydrate form, in association with one or more 
pharmaceutical ly acceptable carriers or excipients. In one embodiment the pharmaceutical 
composition comprises a prophylactically or therapeutically effective amount of the active 
pharmaceutical ingredient (API) in admixture with pharmaceutical! y acceptable excipients 

10 wherein the API comprises a detectable amount of the crystalline anhydrate form or crystalline 
monohydrate form of the present invention. In a second embodiment the pharmaceutical 
composition comprises a prophylactically or therapeutically effective amount of the API in 
admixture with pharmaceutical^ acceptable excipients wherein the API comprises about 5% to 
about 100% by weight of the crystalline anhydrate or crystalline monohydrate form of the present 

15 invention. In a class of this second embodiment, the API in such compositions comprises about 
10% to about 100% by weight of the crystalline anhydrate or crystalline monohydrate form. In a 
second class of this embodiment, the API in such compositions comprises about 25% to about 
100% by weight of the crystalline anhydrate or crystalline monohydrate form. In a third class of 
this embodiment, the API in such compositions comprises about 50% to about 100% by weight 

20 of the crystalline anhydrate or crystalline monohydrate form. In a fourth class of this 

embodiment, the API in such compositions comprises about 75% to about 100% by weight of the 
crystalline anhydrate or crystalline monohydrate form. In a fifth class of this embodiment, 
substantially all of the API is the crystalline anhydrate or crystalline monohydrate form of 
Compound I, i.e., the API is substantially phase pure Compound I crystalline anhydrate form or 

25 Compound I crystalline monohydrate form. 

The compositions in accordance with the invention are suitably in unit dosage 
forms such as tablets, pills, capsules, powders, granules, sterile solutions or suspensions, metered 
aerosol or liquid sprays, drops, ampoules, auto-injector devices or suppositories. The 
compositions are intended for oral, parenteral, intranasal, sublingual, or rectal administration, or 

30 for administration by inhalation or insufflation. Formulation of the compositions according to 
the invention can conveniently be effected by methods known from the art, for example, as 
described in Remington's Pharmaceutical Sciences , 17 th ed., 1995. 

The dosage regimen is selected in accordance with a variety of factors including 
type, species, age, weight, sex and medical condition of the patient; the severity of the condition 



-5- 



21586PV 



to be treated; the route of administration; and the renal and hepatic function of the patient. An 
ordinarily skilled physician, veterinarian, or clinician can readily determine and prescribe the 
effective amount of the drug required to prevent, counter or arrest the progress of the condition. 

Oral dosages of the present invention, when used for the indicated effects, will 
5 range between about 0.01 mg per kg of body weight per day (mg/kg/day) to about 100 

mg/kg/day, preferably 0.01 to 10 mg/kg/day, and most preferably 0.1 to 5.0 mg/kg/day. For oral 
administration, the compositions are preferably provided in the form of tablets containing 0.01, 
0.05,0.1,0.5, 1.0, 2.5,5.0,10.0, 15.0, 25.0, 50.0, 100, 200, and 500 milligrams of the API for 
the symptomatic adjustment of the dosage to the patient to be treated. A medicament typically 

10 contains from about 0.5 mg to about 500 mg of the API, preferably, from about 1 mg to about 
200 mg of API. Intravenously, the most preferred doses will range from about 0.1 to about 10 
mg/kg/minute during a constant rate infusion. Advantageously, the crystalline anhydrate and 
monohydrate forms of the present invention may be administered in a single daily dose, or the 
total daily dosage may be administered in divided doses of two, three or four times daily. 

15 Furthermore, the crystalline anhydrate and monohydrate forms of the present invention can be 
administered in intranasal form via topical use of suitable intranasal vehicles, or via transdermal 
routes, using those forms of transdermal skin patches well known to those of ordinary skill in the 
art. To be administered in the form of a transdermal delivery system, the dosage administration 
will, of course, be continuous rather than intermittent throughout the dosage regimen. 

20 In the methods of the present invention, the Compound I crystalline anhydrate 

form and crystalline monohydrate form herein described in detail can form the API, and are 
typically administered in admixture with suitable pharmaceutical diluents, excipients or carriers 
(collectively referred to herein as 'carrier 1 materials) suitably selected with respect to the intended 
form of administration, that is, oral tablets, capsules, elixirs, syrups and the like, and consistent 

25 with conventional pharmaceutical practices. 

For instance, for oral administration in the form of a tablet or capsule, the active 
pharmaceutical ingredient can be combined with an oral, non-toxic, pharmaceutical ly acceptable, 
inert carrier such as lactose, starch, sucrose, glucose, methyl cellulose, magnesium stearate, 
dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the like; for oral administration in 

30 liquid form, the oral API can be combined with any oral, non-toxic, pharmaceutical ly acceptable 
inert carrier such as ethanol, glycerol, water and the like. Moreover, when desired or necessary, 
suitable binders, lubricants, disintegrating agents and coloring agents can also be incorporated 
into the mixture. Suitable binders include starch, gelatin, natural sugars such as glucose or beta- 
lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth or sodium 
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alginate, carboxymethylcellulose, polyethylene glycol, waxes and the like. Lubricants used in 
these dosage forms include sodium oleate, sodium stearate, magnesium stearate, sodium 
benzoate, sodium acetate, sodium chloride and the like. Disintegrators include, without 
limitation, starch, methyl cellulose, agar, bentonite, xanthan gum and the like. 

The following non-limiting Examples are intended to illustrate the present 
invention and should not be construed as being limitations on the scope or spirit of the instant 
invention. 

Compound I described herein may exist as tautomers such as keto-enol tautomers. 
The individual tautomers as well as mixtures thereof are encompassed within the compound of 
structural formula I. 

GENERAL CONDITIONS FOR PREFERENTIALLY CRYSTALLIZING MQNQHYDRATE 
FORM: 

The monohydrate form can be crystallized from water or from mixtures of water 
with organic solvents such as methanol, ethanol, propanol, isopropanol, acetonitrile, 
tetrahydrofuran, N,N-dimethylformamide, N,N-dimethylacetamide, and N-methylpyrrolidinone. 
Crystallization can be induced by cooling, evaporation of solvent, or addition of water. The 
anhydrate form can be converted into the monohydrate form by suspending the anhydrate in 
water or mixtures of water with organic solvents, or by long-term exposure of the anhydrate to a 
high-humidity atmosphere. 

GENERAL CONDITIONS FOR PREFERENTIALLY CRYSTALLIZING ANHYDRATE 
FORM 

The anhydrate form can be crystallized from numerous organic solvents and 
solvent mixtures. These include methyl acetate, ethyl acetate, isopropyl acetate, n-butyl acetate, 
isobutyl acetate, toluene, acetone, 2-butanone, tetrahydrofuran, methyl r-butyl ether, and mixtures 
with pentane, hexanes, heptane, octane, and isooctane. Crystallization can be induced by 
cooling, evaporation, or addition of a non-polar solvent, such as hexanes or heptane. The 
monohydrate form can be converted into the anhydrate form using a drying process in a low 
humidity atmosphere. 

GENERAL CONDITIONS FOR PREPARING THE CRYSTALLINE TOLUENE SOLVATE 

The crystalline toluene solvate can be prepared by stirring a mixture of the 
anhydrate in toluene for 3 days. The toluene solvate was characterized by physical methods as 
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described below. The toluene solvate can be re-converted into the crystalline anhydrate by 
drying the toluene solvate under vacuum at 40 °C for 3 days. 

Preparation of l-(4"-chlorophenvlVrrQn^-3-fluorocvclobutane-r-carbohvdrazide bisulfate salt 
5 (2-11) 

Scheme 1 
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Step A: 

(4_Chlorophenyl)acetonitrile (1-1) (14.04 g) was dissolved in freshly distilled 
tetrahydrofuran (250 mL) and stirred at -78°C under argon. Methyl lithium (LiBr complex, 1.5 
5 M in diethyl ether, 62 mL, 1 eq) was added dropwise such that the reaction temperature stayed 
below -66°C. The solution was stirred for one h at -78°C and turned from yellow to deep red. 
Epibromohydrin was added dropwise and the solution was stirred for an additional 90 min. 
Methylmagnesium iodide (3.0M in diethyl ether, 31 mL) was added and the solution turned light 
brown as it was slowly warmed to room temperature and stirred overnight. The reaction was 
10 quenched with water (75 mL) and acidified to pH 2 with 5 N aqueous hydrochloric acid (ca. 30 
mL). Brine was added until the layers separated. The organic layer was collected and the 
aqueous layer was reextracted with diethyl ether (2 x 50 mL). The organic layers were 
combined, dried with magnesium sulfate, filtered and concentrated to give crude l-(4- 
chlorophenyl)-3-hydroxycyclobutane-l-carbonitrile (1-2) . 

15 

Step B: 

The crude l-(4-chlorophenyl)-3-hydroxycyclobutane-l-carbonitrile (1-2) (ca. 4.2 : 
1 ratio of cisitrans isomers) was dissolved in dichlorome thane (150 mL) and stirred at 0°C. 
Pyridine (11.3 mL) and then benzoyl chloride (10.8 mL) were added and the solution was 

20 warmed to room temperature and stirred for 2.5 h. Additional pyridine (2 mL) and benzoyl 
chloride (2 mL) were added and the reaction was stirred at 30°C overnight. The reaction was 
added to a saturated sodium bicarbonate solution and extracted with dichloromethane. The 
organic layer was washed with saturated ammonium chloride, dried over magnesium chloride, 
filtered and concentrated to give a reddish oil. The two isomers were separated by silica gel 

25 chromatography (25% dichloromethane/hexanes — - > 33% dichloromethane/hexanes — » 50% 

dichloromethane/hexanes — > 100% dichloromethane) to give the desired 3-(4-chlorophenyl)-ci\s- 
3-cyanocyclobutyl benzoate (1-3 ). 
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Step C : 

3-(4-Chlorophenyl)-ci>-3-cyanocyclobutyl benzoate (1-3) (6.42 g) was dissolved 
in methanol/tetrahydrofuran (10 mL/20 mL) and stirred at room temperature. Lithium hydroxide 
5 monohydrate (1.1 g) was dissolved in water (10 mL) and added to the benzoate solution. After 
10 minutes, solid ammonium chloride (ca. 2 g) was added and the volatile solvents were 
removed by evaporation. The remaining aqueous mixture was extracted with diethyl ether, and 
the organic layer was dried with magnesium sulfate, filtered, and concentrated to give the desired 
cyclobutanol 1-4 . 

10 

Step D: 

A portion of the l-(4-chlorophenyl)-cw-3-hydroxycyclo butane- r-carbonitrile (1-4) 
(1.13 g) was dissolved in anhydrous dichloromethane and stirred at 0°C. (Diethylamino)sulfur 
trifluoride (DAST, 1.43 g) was added and the solution was warmed to 40°C for 10 h. Additional 

15 DAST (0.5 mL) was added and the reaction was stirred overnight at 40°C. The solution was 
cooled, added to saturated aqueous sodium bicarbonate, and extracted twice with 
dichloromethane. The organic extracts were combined, dried with magnesium sulfate, filtered 
and concentrated. The crude residue was carefully chromatographed on silica gel (10% ethyl 
acetate/hex anes — > 20% ethyl acetate/hex anes — » 25% ethyl acetate/hex anes) to give l-(4- 

20 chlorophenyl)-rran^-3-fluorocyclobutane-r-carbonitrile (1-5 ). 

Step E: 

l-(4-Chlorophenyl)-rran^-3-fluorocyclobutane-r-carbonitrile (1-5) (1.65 g) was 
dissolved in anhydrous toluene (30 mL) and cooled to -78°C. A solution of diisobutylaluminum 

25 hydride (DIBAL, 1 M in hexanes, 9.4 mL) was added over 10 min, and the solution was stirred 
for 30 min. The reaction was quenched by adding 5% sulfuric acid (2.5 mL) and warmed to 
room temperature. After one hour, the mixture was filtered through a pad of celite. The pad was 
washed with ethyl acetate, and the entire filtrate was poured into water (20 mL). After separating 
the layers, the aqueous solution was extracted with ethyl acetate. The organic layers were 

30 " combined, dried with magnesium sulfate, filtered and concentrated to give aldehyde 1-6 . 



Step F: 

The crude aldehyde 1-6 was dissolved in /-butanolAetrahydrofuran/2-methylbut-2- 
ene (15 mL/5 m!75 mL) and stirred at room temperature. Sodium chlorite (1.56 g) and sodium 
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dihydrogenphosphate (239 g) were dissolved in water (7 mL), and added to the vigorously 
stirring solution. After 80 minutes, the volatile solvents were removed under vacuum and the 
mixture was acidified to pH 2 with aqueous IN hydrochloric acid. The product was extracted 
with ethyl acetate (3 x 30 mL). The extracts were combined, dried over magnesium sulfate, 
5 filtered, and evaporated to give the desired carboxylic acid 1-7 . 

Step G: 

l-(4-Chlorophenyl)-franj-3-fluorocyclobutane-r-carboxylic acid (1-1} (5.68 g) 
was dissolved in dichloromethane/methanol (40 mlVIO mL). (Trimethylsilyl)diazomethane (15 

10 mL, 2.0 M in hexanes) was added until the yellow color remained. After stirring at room 
temperature for one hour, acetic acid (2 mL) was added to quench the 
(trimethylsilyl)diazornethane, and the solution was concentrated to give methyl l-(4- 
chlorophenyl)-fran^-3-fluorocyclobutane-r-carboxylate. The crude methyl ester (5.8 g) was 
dissolved in toluene (15 mL). Anhydrous hydrazine (3.1 mL, 98.8 mmol) was added and the 

15 reaction was refluxed for two days. After cooling to room temperature and removing the toluene 
under vacuum, the product was purified by silica gel chromatography (100% ethyl acetate) to 
give l-(4-chlorophenyl)-rranj-3-fluorocyclobutane-r-carbohydrazide (1-8 ) as a white solid. 



Scheme 2 
CL 




F 2-11 
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To a slurry of A^-cyclopropylcyclopropanecarboxamide (2-9) [prepared as 
described in H. Hart and O. E. Curtis, Jr., J. Amer. Chem. Soc .. 78: 1 12-1 16 (1956)] (2.7 kg, 
21.6 mol) in toluene (18 L) was added POCI3 (6.63 kg, 43.2 mol). The mixture was heated to 35 

°C and aged for 3 h. It was then cooled to 0-5 °C and the hydrazide 1^8 (4.37 kg, 18.0 mol) was 
5 added in portions maintaining the batch below 10 °C. The mixture was then slowly warmed to 
21 °C overnight. The reaction mixture was then cooled to 0-5 °C and slowly quenched into 
vigorously stirred aqueous NaOH (6.0 N, 39.0 L) at below 5 °C rinsing forward with toluene (2 
L). The mixture was stirred for 1 h, then NaOH (6 N, 0.6 L) and acetonitrile (10 L) were added. 
Triethylamine (546 g, 0.75 L) was added and the mixture was heated to 55 °C overnight. It was 

10 then cooled to 35 °C and acetic acid (4.3 L, 72 mol) was added. The mixture was stirred at 35 °C 
for 3 h to effect cyclization, then cooled to 21 °C. The aqueous layer was discarded and the 
organic layer was washed twice with water (36 L). The organic layer was concentrated to about 
20 L and then acetonitrile (21 L) was added. Concentrated sulfuric acid (1.76 kg, 0.96 L) was 
added slowly to form the bisulfate salt 2-11 . The product was filtered and washed with 1 : 1 

15 acetonitrile/toluene (18 L), then dried under vacuum at 40 °C to give the bisulfate salt. 

EXAMPLE 1 

3.[l-(4-chlorophenvl)-rrgwy-3-fluorocvclobutyl1-4.5-dicvclopropvl-r-4H-r.2.4-tria2ole crystalline 
20 anhvdrate 

A slurry of the bisulfate salt 2-11 (39.0 g, 90.9 mmol) in IP Ac (150 mL) was 
mixed with 10% Na 2 Cd 3 (100 mL) until all solid dissolved. The aqueous layer was removed and 
the organic layer was washed twice with 50 mL of water. The organic layer was then 
concentrated in vacuo to 70 g (about 45 mL residual IPAc). Some product crystallized during 
25 concentration. Heptane (180 mL) was added slowly and the mixture was aged for 2 h. The 

product was filtered and the filter cake washed with heptane. Air drying followed by oven drying 
at 40 °C gave the crystalline anhydrate free base as a white solid. 

EXAMPLE 2 

30 

3.n^(4, c hlorophenvl)-/ra/i5-3-fluorocvclobutvn-4,5-dicvclopropvl-r-4//-l,2,4-triazole crystalline 
anhydrate 

To a slurry of the bisulfate salt 2-11 (9.75 g, 22.7 mmol) in toluene (60 mL) was 
added water (60 mL) and 50% NaOH (4.54 g, 56.8 mmol). The mixture was stirred until all the 
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10 



20 



25 



solid dissolved. The aqueous layer was discarded. The organic layer was washed with aqueous 
5% NaCl (60 mL). The organic layer was concentrated by vacuum distillation to about 38 mL. 
The solution was then transferred through an inline filter into a stirring suspension of the free 
base seed crystals (483 mg) in heptane (135 mL) over 3 h. The resulting mixture was cooled to 0 
°C and stirred for 30 min, then filtered rinsing with 4:1 heptane-toluene (30 mL) followed by 
heptane (30 mL). The crystalline material was dried under vacuum at 40 °C to give the 
crystalline anhydrate form. 

EXAMPLE 3 



3-ri-(4-chlorophenvl>frqns-3-fluorocvclo crystalline 
monohydrate 

To a slurry of 6.58 g bisulfate salt 2-11 in IPA (15 mL) were added water (7.5 
mL) and 10 N NaOH (3.2 mL). The mixture was warmed to 40 °C until all solid dissolved. The 
1 5 aqueous layer was separated and then more water (7.5 mL) was added to the organic layer. The 
mixture was seeded with anhydrous free base and aged for 0.5 h. More water (30 mL) was added 
slowly over 3 h via a syringe pump. The mixture was aged overnight and filtered. The filter 
cake was rinsed with 3:1 water/EPA (20 rnL) and then water (40 mL). Air drying overnight gave 
the crystalline monohydrate form. 



3-ri-(4-chlorophenylV/ran5-3-fluorocvclobutvl1-4.5-dicvclopropvl-r-4//-l,2.4-triazole crystalline 
anhvdrate 

The monohydrate was then dehydrated by drying in a vacuum oven at 40 °C with 
a slow nitrogen sweep to give the crystalline anhydrate form. 



X-ray powder diffraction studies are widely used to characterize molecular 
structures, crystallinity, and polymorphism. The X-ray powder diffraction patterns of the 
crystalline polymorphs of the present invention were generated on a Philips Analytical X'Pert 
PRO X-ray Diffraction System with PW3040/60 console. A PW3373/00 ceramic Cu LEF X-ray 
30 tube K- Alpha radiation was used as the source. 

FIG. 1 shows an X-ray diffraction pattern for the crystalline anhydrate form. The 
anhydrate form exhibited characteristic reflections corresponding to d-spacings of 7.19, 6.09, 
4.57, 4.19, 4.06, and 3.20 angstroms. 
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FIG. 6 shows an X-ray diffraction pattern for the crystalline monohydrate form. 
The monohydrate form exhibited characteristic reflections corresponding to d-spacings of 8.08, 
6.49, 5.43, 5.39, 4.38, 4.10, 3.18, and 2.74 angstroms. 

FIG. 11 shows an X-ray diffraction pattern for the crystalline toluene solvate. The 
toluene solvate exhibited characteristic reflections corresponding to d-spacings of 7.13, 6.74, 
5.95, 4.38, 3.83, 3.61, 3.42, 3.14, and 2.30 angstroms. 

In addition to the X-ray powder diffraction patterns described above, the 
crystalline polymorphic forms of Compound I of the present invention were further characterized 
by their solid-state carbon-13 and fluorine-19 nuclear magnetic resonance (NMR) spectra. The 
solid-state carbon-13 NMR spectrum was obtained on a Bruker DSX 400 WB NMR system using 
a Bruker 4 mm double resonance CPMAS probe. The carbon-13 NMR spectrum utilized 
proton/carbon- 13 cross-polarization magic-angle spinning with variable-amplitude cross 
polarization. The sample was spun at 15.0 kHz, and a total of 1024 scans were collected with a 
recycle delay of 5 seconds. A line broadening of 40 Hz was applied to the spectrum before FT 
was performed. Chemical shifts are reported on the TMS scale using the carbonyl carbon of 
glycine (176.03 p. p.m.) as a secondary reference. 

The solid-state fluorine-19 NMR spectrum was obtained on a Bruker DSX 
400WB NMR system using a Bruker 4mm CRAMPS probe. The NMR spectrum utilized a 
simple pulse-acquire pulse program. The samples were spun at 15.0 kHz, and a total of 128 
scans were collected with a recycle delay of 5 seconds. A vespel endcap was utilized to 
minimize fluorine background. A line broadening of 100 Hz was applied to the spectrum before 
FT was performed. Chemical shifts are reported using poly(tetrafluoroethylene) (teflon) as an 
external secondary reference which was assigned a chemical shift of —122 ppm. 

FIG. 2 shows the. solid-state fluorine-19 MAS NMR spectrum for the crystalline 
anhydrate form of Compound I. The crystalline anhydrate exhibited an isotropic peak at -167 
p.p.m. 

FIG. 3 shows the solid state carbon-13 CPMAS NMR spectrum for the crystalline 
anhydrate form of Compound I. The crystalline anhydrate form exhibited characteristic signals 
with chemical shift values of 158.9, 158.2, 143.0, 129.3, 127.2, 43.5, 36.6, 26.4, and 7.6 p.p.m. 

FIG. 7 shows the solid-state fluorine-19 MAS NMR spectrum for the crystalline 
monohydrate form of Compound I. The crystalline monohydrate exhibited an isotropic peak at - 
165 p.p.m. 
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FIG. 8 shows the solid state carbon-13 CPMAS NMR spectrum for the crystalline 
monohydrate form of Compound I. The crystalline monohydrate form exhibited characteristic 
signals with chemical shift values of 161.5, 157.8, 143.4, 132.3, 130.0, 128.5, 126.9, 125.9, 45.5, 
37.2, 26.4, and 7.7 p.p.m. 
5 FIG. 12 shows the solid state carbon-13 CPMAS NMR spectrum for the 

crystalline toluene solvate of Compound I. The crystalline toluene solvate exhibited 
characteristic signals with chemical shift values of 165.2, 158.8, 143.5, 136.0, 128.8, 128.0, 
127.4, 120.0, 119.0, 117.6, 36.6, 26.8, 21.0, and 7.8 p.p.m. 

DSC data were acquired using TA Instruments DSC 2910 or equivalent 

10 instrumentation was used. Between 2 and 6 mg sample was weighed into an open pan. This pan 
was then crimped and placed at the sample position in the calorimeter cell. An empty pan was 
placed at the reference position. The calorimeter cell was closed and a flow of nitrogen was 
passed through the cell. The heating program was set to heat the sample at a heating rate of 10 
°C/min to a temperature of approximately 250 °C. The heating program was started. When the 

15 run was completed, the data were analyzed using the DSC analysis program contained in the 
system software. The melting endotherm was integrated between baseline temperature points 
that are above and below the temperature range over which the endotherm was observed. The 
data reported are the onset temperature, peak temperature and enthalpy. 

FIG. 4 shows the differential calorimetry scan for the crystalline anhydrate form 

20 of Compound I. The crystalline anhydrate form exhibited a melting endotherm with an onset 
temperature of 99.3 °C, a peak temperature of 101.4 °C, and an enthalpy of 91.0 J/g. 

FIG. 9 shows the differentia] calorimetry scan for crystalline monohydrate form of 
Compound I. The crystalline monohydrate form exhibited a first endotherm with an onset 
temperature of 73.1 °C, a peak temperature of 76.2 °C, and an enthalpy of 94.0 J/g. 

25 FIG. 13 shows the differential calorimetry scan for the crystalline toluene solvate 

of Compound I. The crystalline toluene solvate exhibited a melting endotherm with an onset 
temperature of 48.0 °C, a peak temperature of 52.4 °C, and an enthalpy of 26.9 J/g. The first 
thermal event was followed by a second endotherm, with an onset temperature of 90.1 °C and a 
peak temperature of 92.1 °C. 

30 A Perkin Elmer model TGA 7 or equivalent instrument was used to obtain the 

TGA curves. Experiments were performed under a flow of nitrogen and using a heating rate of 
10 °C/min to a maximum temperature of approximately 250 °C. After automatically taring the 
balance, 5 to 20 mg of sample was added to the platinum pan, the furnace was raised, and the 
heating program started. Weight/temperature data were collected automatically by the 
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instrument. Analysis of the results was carried out by selecting the Delta Y function within the 
instrument software and choosing the temperatures between which the weight loss was to be 
calculated. Weight losses are reported up to the onset of decomposition/evaporation. 

FIG. 5 shows a characteristic thermogravimetric analysis (TGA) curve for the 
crystalline anhydrate form of Compound I. TGA indicated a weight loss of about 0.1% from 
about 50 °C to about 150 °C. 

FIG. 10 shows a characteristic thermogravimetric analysis (TGA) curve for the 
crystalline monohydrate form of Compound I. TGA indicated a weight loss of about 5.1 % from 
about 22 °C to about 122 °C. This weight loss is consistent with the amount of water present in 
the monohydrate form. 

FIG. 14 shows a characteristic thermogravimetric analysis (TGA) curve for the 
crystalline toluene solvate of Compound I. TGA indicated a weight loss of about 10% from 
about 22 °C to about 121 °C. This weight loss is consistent with a toluene hemi-solvate form. 

The crystalline Compound I anhydrate or monohydrate form of the present 
invention has a phase purity of at least about 5% of anhydrate or monohydrate with the above X- 
ray powder diffraction, fluorine-19 MAS NMR, carbon-13 CPMAS NMR, and DSC physical 
characteristics. In one embodiment the phase purity is at least about 10% of anhydrate or 
monohydrate with the above solid-state physical characteristics. In a second embodiment the 
phase purity is at least about 25% of anhydrate or monohydrate with the above solid-state 
physical characteristics. In a third embodiment the phase purity is at least about 50% of 
anhydrate or monohydrate with the above solid-state physical characteristics. In a fourth 
embodiment the phase purity is at least about 75% of anhydrate or monohydrate with the above 
solid-state physical characteristics. In a fifth embodiment the phase purity is at least about 90% 
of anhydrate or monohydrate with the above solid-state physical characteristics. In a sixth 
embodiment the crystalline Compound I is the substantially phase pure anhydrate' or 
monohydrate with the above solid-state physical characteristics. By the term "phase purity" is 
meant the solid state purity of the Compound I anhydrate or monohydrate form with regard to 
another particular crystalline polymorph or amorphous form of Compound I as determined by the 
solid-state physical methods described in the present application. 

EXAMPLE OF A PHARMACEUTICAL COMPOSITION: 

The crystalline anhydrate form was formulated into a capsule formulation as 
follows. A 100 mg potency capsule was composed of 100 mg of the API, 190 mg of 
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microcrystalline cellulose, and about 95 mg gelatin as in #0 white opaque gelatin capsule. The 
API and microcrystalline cellulose were first blended, and the mixture was then encapsulated in 
gelatin capsules. 
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WHAT IS CLAIMED IS: 

1 . 3-[ 1 -(4-Chlorophenyl)-frani-3-fluorocyclobutyl]-4,5-dicyclopropyI-r-4//- 
1 ,2,4-triazole of structural formula I: 




\> 



characterized as being a crystalline anhydrate. 



2. The crystalline anhydrate of Claim 1 characterized by characteristic 
reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of 7.19, 

10 6.09, 4.57, 4.19, 4.06, and 3.20 angstroms. 

3. The crystalline anhydrate of Claim 2 further characterized by the X-ray 
powder diffraction pattern of FIG. 1. 

15 4. The crystalline anhydrate of Claim 1 characterized by the solid state 

fluorine-19 MAS nuclear magnetic resonance spectrum of FIG. 2. 

5. The crystalline anhydrate of Claim 1 characterized by a solid-state carbon- 
13 CPMAS nuclear magnetic resonance spectrum showing signals with chemical shift values of 

20 158.9, 158.2, 143.0, 129.3, 127.2, 43.5, 36.6, 26.4, and 7.6 p.p.m. 

6. The crystalline anhydrate of Claim 5 characterized by the solid-state 
carbon-13 CPMAS nuclear magnetic resonance spectrum of FIG. 3. 

25 7. The crystalline anhydrate of Claim 1 characterized by the differential 

scanning calorimetric (DSC) curve of FIG. 4. 
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8. The crystalline anhydrate of Claim 1 characterized by the 
thermogravimetric analyis (TGA) curve of FIG. 5. 

9. 3-[l-(4-Chlorophenyl)-rrans-3-fluorocyclobutyl]-4,5-dicyclopropyl-r-4//- 
5 1 ,2,4-triazole of structural formula I: 

CU 




characterized as being a crystalline monohydrate. 

10. The crystalline monohydrate of Claim 9 characterized by characteristic 
10 reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of 8.08, 

6.49, 5.43, 5.39, 4.38, 4.10, 3.18, and 2.74 angstroms. 

1 1 . The crystalline monohydrate of Claim 10 further characterized by the X- 
ray powder diffraction pattern of FIG. 6. 

15 

12. The crystalline monohydrate of Claim 9 characterized by the solid state 
fluorine- 19 MAS nuclear magnetic resonance spectrum of FIG. 7. 

13. The crystalline monohydrate of Claim 9 characterized by a solid-state 
20 carbon- 13 CPMAS nuclear magnetic resonance spectrum showing signals with chemical shift 

values of 161.5, 157.8, 143.4, 132.3, 130.0, 128.5, 126.9, 125.9, 45.5, 37.2, 26.4, and 7.7 p.p.m. 

14. The crystalline monohydrate of Claim 13 characterized by the solid-state 
carbon-13 CPMAS nuclear magnetic resonance spectrum of FIG. 8. 

25 

15. The crystalline monohydrate of Claim 9 characterized by the differential 
scanning calorimetric (DSC) curve of FIG. 9. 
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16. 



The crystalline monohydrate of Claim 9 characterized by the 



thermogravimetric analyis (TGA) curve of FIG. 10. 

17. A pharmaceutical composition comprising a therapeutically effective 
5 amount of the crystalline anhydrate of Claim 1 or the crystalline monohydrate of Claim 9 in 

association with one or more pharmaceutically acceptable carriers or excipients. 

18. A method of treating Type 2 diabetes, hyperglycemia, obesity, 
dyslipidemia, hypertension, and cognitive impairment comprising administering to a mammal in 

10 need of such treatment a therapeutically effective amount of the crystalline anhydrate of Claim 1 
or the crystalline monohydrate of Claim 9. 

19. Use of the crystalline anhydrate of Claim 1 or the crystalline monohydrate 
of Claim 9 as active ingredient in the manufacture of a medicament for use in the treatment of 

15 Type 2 diabetes, hyperglycemia, obesity, dyslipidemia, hypertension, and cognitive impairment 
in a mammal. 

20. 3-[l-(4-ChlorophenyI)-fra/w-3-fluorocyclobutyl]-4,5-dicyclopropyl-r-4//- 
1,2,4-triazole of structural formula I: 

Cl v 




(I) 



20 



characterized as being a crystalline toluene solvate. 



21. The crystalline toluene solvate of Claim 20 characterized by characteristic 
reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of 7.13, 



25 6.74, 5.95, 4.38, 3.83, 3.61, 3.42, 3.14, and 2.30 angstroms. 



22. The crystalline toluene solvate of Claim 21 further characterized by the X- 
ray powder diffraction pattern of FIG. 11. 

-20- 



23. The crystalline toluene solvate of Claim 20 characterized by a solid-state 
carbon-13 CPMAS nuclear magnetic resonance spectrum showing signals with chemical shift 
values of 165.2, 158.8, 143.5, 136.0, 128.8, 128.0, 127.4, 120.0, 119.0, 117.6,36.6,26.8,21.0, 
and 7.8 p.p.m. 

24. The crystalline toluene solvate of Claim 23 characterized by the solid-state 
carbon- 13 CPMAS nuclear magnetic resonance spectrum of FIG. 12. 

25. The crystalline toluene solvate of Claim 20 characterized by the 
differential scanning calorimetric (DSC) curve of FIG. 13. 

26. The crystalline toluene solvate of Claim 20 characterized by the 
thermogravimetric analysis (TGA) curve of FIG. 14. 
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ABSTRACT OF THE DISCLOSURE 

Novel crystalline salts of 3-[i-(4-chloropheriyl)-/n2nj-3-fluorocyclobutyl]-4,5- 
dicyclopropyl-r-4if-l,2,4-triazoIe are potent inhibitors of lip-hydroxysteroid dehydrogenase 
Type 1 and are useful for the treatment of conditions associated with Metabolic Syndrome as 
5 well as cognitive impairment. The invention also relates to pharmaceutical compositions 
containing these novel salts, processes to prepare these salts and their pharmaceutical 
compositions as well as uses thereof for the treatment of Type 2 diabetes, hyperglycemia, 
obesity, dyslipidemia, hypertension, and cognitive impairment. 
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